ABSTRACT
4
cues has also been demonstrated to persist with age, from childhood to adulthood (Hillock-Dunn 
81
The goal of the current study is to further understand the neurophysiological 82 underpinnings of AVOA tolerance. We used EEG to probe the neural mechanisms. Several 83 neurophysiological studies, using speech and non-speech stimuli, reported that visual influence 84 on auditory mechanisms occurs via suppressing the amplitudes of the N1-P2 AEPs (Besle et al. were contextually relevant to the auditory cues). These findings lend support to the premise that 89 vision modulates low-level auditory cortical activity by suppressing it.
90
However, fMRI and EEG/MEG studies have also revealed that vision influences higher- maintained an in-sync perception) was determined by an adaptive procedure in which the 107 temporal shift of the acoustic words was roved around each subject's AVOA threshold.
108
We hypothesized that greater AVOA tolerance is contingent on weakening the auditory 109 systems sensitivity to acoustic onsets. This process would be reflected neurophysiologically by 110 reduced P1-N1-P2 auditory evoked potentials (AEPs) during in-sync vs. out-of-sync perception.
111
These AEPs partly reflect sound representations such as sound onsets/offsets generated in and The root mean square value of all auditory stimuli was equalized using Adobe Audition 3.0.
140
Subsequently, the acoustic stimulus was extracted from the video, which was necessary to 141 misalign the video and audio channels separately during stimulus presentation. AV stimuli were 142 presented to participants using Presentation software (Neurobehavioral Systems, Albany, CA). 
151
The participants judged whether the audio and video were synchronous or not, yielding two 
157
The experiment consisted of 6 blocks, three in which the audio preceded the video (A-V) 158 and three in which the audio followed the video (V-A). For each modality-ordering condition, the 159 218 words were equally divided across two blocks. The third block was the same as one of the 160 other two blocks, with one half of the subjects receiving block 1 and other half block 2. Word 161 presentation order within blocks and subjects was pseudorandomized. trials. The last frame of a trial was maintained on the screen until the start of the next trial.
171
We implemented an adaptive procedure (a two alternative forced choice, either in-sync or 172 out-of-sync) that roved around each subject's AVOA threshold (Fig.1 ). Taking the V-A condition
173
as an example, the AVOA threshold is the time point between the upper limit in which it was 174 perceived as in-sync and the lower limit at which it was perceived as out-of-sync. 
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Figure 1 CP1, CPz, CP2, CP4, P3, P1, Pz, P2, P4). For this analysis, we examined activity for the period
193
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275
-1000ms to +1500 ms in the temporal domain and 4Hz to 50 Hz in the frequency domain.
276
Permutation tests do not assume a categorical parametric form for the population distribution, 277 but they derive the original distribution by resampling the data. Under the null hypothesis of no 278 effect of condition, randomly assigning the condition label to the subjects would produce a 279 distribution of observations similar to that of the population distribution (termed null distribution).
280
By comparing the null distribution against the observations at each time and frequency bin, one
281
can determine whether to accept the null hypothesis for a given Type I error. The null 282 distributions were derived from a 500-ms pre-stimulus period (-1000 ms to -500 ms, 40 time- stimuli were spoken at a slower-than-normal rate. AVOA is most likely a function of the 302 proportion of the AV signals rather than absolute duration 1 .
303
We then contrasted the trial-by-trial AVOA values (averaged across subjects and percept 
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Figure 2
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323
3.2. EEG 3B/P1). Despite the P1 amplitude being small, it occurred in 12 out of 13 subjects (see Fig. 4 for 337 individual data). The P1 in adults is part of the middle latency response, generated in PAC, and 338 generally is smaller than the N1 and P2 AEPs. In short, the P1 was not influenced by which 339 sense led (audition or vision), but it was by synchrony perception (P1 in-sync < P1 out-of-sync).
340
We should note that when we removed subject 3 (outlier Fig. 4 ), the P1 statistical results held. revealed that the N1 difference between percepts only occurred in the A-V condition (p < 0.03).
353
All 13 subjects exhibited smaller N1s for the in-sync than the out-of-sync conditions in the A-V 354 ordering (Fig. 4) . In short, the N1 was reduced in magnitude for the in-sync percept only when 355 auditory preceded visual stimuli (A-V). We should point out that when we removed subject 3
356
(outlier Fig. 4) , the N1 statistical results held. 
362
The main effect of percept type was attributed to smaller P2 AEPs occurring in the in-sync than 363 out-of-sync percept across both modality-ordering conditions (p < 0.005 Newman-Keuls test).
364
The interaction however revealed that this effect was only significant in the V-A condition (p < condition was very strong, such that when we removed subject 7 (outlier Fig. 4) , the P2 effect 368 difference reached significance (p < 0.05).
369
In summary, the P1-N1-P2 results show that the weakening of AEPs, reflecting activity in
370
PAC and surrounding areas, is essential for reducing sensitivity to auditory onsets and hence 371 enhancing AVOA tolerance.
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Figure 4
377 
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These analyses using a liberal test (uncorrected t-test) demonstrate that it is unlikely that
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Figure 5
422 percepts was most pronounced. There were no differences observed at the fronto-central ROI 432 and thus we don't discuss them further. The figure shows the raw difference spectrograms as 433 well as the masked difference spectrograms (below) in which only the statistically significant 434 activity is highlighted. Figure 6A&B show the results for the A-V modality-ordering condition.
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Figure 6A reflects activity when it was time-locked to the onsets of the voice, and Figure 6B 
451
We should note that there was also a late alpha burst distinguishing in-sync from out-of- hemisphere (similar to the A-V condition), at channels CP4 ( Figure 6C ) and C4 (not shown).
468
The parietal alpha activity, on the other hand, occurred in both hemispheres. The early -------------------------------------- 
482
Figure 6
483
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485
We should note that these EEG results could not be attributed to motor activity due to
486
button press, because, on average, individuals' responses were more than one second after 487 voice or mouth movement onsets, which is later than the occurrence of beta and alpha activity.
488
The mean response time and standard deviation per condition, collapsing over in-sync and out- properties would influence the reweighting mechanisms. However, by using 218 words 500 combined with randomization of the presentations of these words across and within blocks and 501 across subjects we expected that EEG differences due to acoustic differences would wash out.
502
If not, our intention was to isolate these words and analyze their EEG responses separately.
503
We linked the words to behavior and examined whether individuals consistently . However, it is critical to recognize that each AEP represents the superposition of several 533 neural sources that can be modulated by acoustic, perceptual, and cognitive factors. Recently,
534
we reported that the N1-P2 complex indexes both low-level (e.g., amplitude onsets) and high-535 level (e.g., formant transitions) features of speech (Carpenter and Shahin, 2013) , supporting the 536 premise that the N1-P2 response reflects generators in PAC and non-PAC.
537
A suppressed AEP can be attributed to fewer neurons firing or decreased neural 
Oscillatory Activity
551
In contrasts to AEPs, the observed alpha and beta activity are likely associated with more visual and auditory domains. For example, coherent network activity in the beta band for 557 unscrambled visual objects is greater than that of scrambled objects (Sehatpour et al. 2008 ). 
565
In a similar study using non-speech simple stimuli, flashes and beeps, Senkowski et al. degree (more alpha suppression) than for in-sync percepts (Fig. 6 ). This inter-modal attentional 588 reallocation also explains the asymmetry in AVOA tolerance between modality-ordering 589 conditions. The tendency to report percepts as in-sync than out-of-sync was significantly more 590 pronounced when vision preceded (V-A) than followed (A-V) audition, likely, because subjects 591 attended less to the acoustics in the V-A than A-V condition prior to making the judgment. These converging findings across studies, including the current one, motivate us to propose a 603 neural model (Fig. 7) 
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Figure 7
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Possible brain regions involved in the reweighting mechanism include networks that hemisphere. This could be due to the right hemisphere's propensity to integrate objects over a 
693
In conclusion, our results, combined with prior work, motivate a neural model in which 
